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INTROÎXJCTION AND LITEBATURB REVIEW 
Trematodes of the family Schistosomatldae inhabit the 
blood vascular system of their avian and mammalian hosts, They 
differ from most trematodes in being dioecious rather than 
monoecious. Avian schistosomes are world-wide in distribution; 
mammalian species are generally limited to the warmer climates. 
Known schistosome hosts are well distributed within the orders 
Ave s and Mammalia and include man and many of his domesticated 
animals. 
Schistosomes have been a part of man's existence for many 
years as evid?aeed by tne presence of schistosome ova in tissues 
of ancient Egyptian mummies (Jones, I967, p. 120). The first 
human foim was discovered in Egypt in 1852 by Theodor Bilharz, 
a young German physician. Today, human schistosomiasis affects 
an estimated 200 to 300 million persons (Lambert, I966) wher­
ever suitable snail intermediates occur in tropical and sub­
tropical regions of the earth. It is second only to malaria as 
a debilitator of man. The recent develoiment of an effective 
chemical treatment for human schistosomiasis (Lambert, I966) 
may soon markedly alter the effect of these parasites on man. 
Avian schistosomes have been known longer than their 
mammalian counterparts; however, much less is known of their 
host-parasite relationships. The first described schistosome. 
Pistoma caniculata (=Omithobilharzia caniculata) was reported 
in I8I9 by Budolphi, These specimens were recovered from a 
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tern (genus sterna) collected in Brazil. Braun redescribed D, 
caniculata, changed its name to Bilharziella caniculata and 
published the first drawing of this tpecies in 1902» Sharing 
the same plate was a drawing of a new avian achistosome, 
Bilharziella pulverulenta (= Dendritobilharzia pulverulenta)« 
which was originally described by Braun in .1901 and is the sub­
ject of this dissertation. Braun's description was based on 
two male specimens recovered from a garganey^ (a duck) collect­
ed at Dongola on the Nile River in Sudan. 
Odhner (I9II) studied several male B, pulverulenta re­
covered from a mandarin duck. He determined that the smaller 
of Braun's two specimens of B, pulverulenta was actually B. 
polonica, a species originally described by Kowalewski 
(1896a), and thus clarified certain inconsistancies in Braun's 
descriptions. 
In 1913» Odhner indicated he felt an immature male schisto­
some described by Kowalewski (1896b) in a supplement to his 
original description of B. polonica (1896a) was in reality 
identical to B. pulverulenta. Later Ejsmont (1929) erected the 
genus Pseudobilharziella (= Trichobilharzia) for this specimen. 
Skrjabin and Zakharow (I92O) erected a new genus, Den­
dri tobilharzia, for a single male schistosome of a new species, 
^Common names for bird hosts will be used throughout this 
thesis. A complete list of common and scientific names of all 
birds mentioned appears in the appendix. 
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D. odhneri recovered from a mallard collected in the region of 
the Don Siver in the Ukraine, USSR. This species, according to 
Ejsmont (I929), had been mentioned in a key by Zakharow (1919). 
In 192^, Skrjabin recognized the synonomy of B, pulverulenta 
and Û, odhneri and, in accordance with the rules of synonomy, 
designated the trem&tode as Dendri tobilharzja pulveralenta 
(Braun, I90I). 
In the same publication, Skrjabin (1924) briefly described 
another species, D. loossi, from a white pelican (European) 
from Turkestan, USSR. The description was based on a single 
female specimen 14.2 mm long, which was considerably longer 
than the few specimens (male only) of D. pulverulenta known at 
that time. According to Ejsmont (1929) this species is, in all 
probability, synonomous with D. fedtschencowi Skrjabin 1923 
(1927) nomen nudum. 
Semenov (192?) described a female schistosome which he 
related, questionably, to D. odhneri « Re-examination of this 
specimen by Ejsmont (1929) revealed it to be a typical B. 
polonlca» In the same publication. Ejsmont provided the first 
description of a female D. pulverulenta, based on a single 
specimen recovered by opening the heart and major blood vessels 
of a gargany taken near the Jasiolda River in Poland. 
Mehra (1940) described a new species, D. asiaticus (= D. 
asiatioa) on the b&zis of a single female recovered from the 
anterior mesenteric vein of a common teal taken at Allahabad in 
northern India. Mehra also removed the genus Dendritobilharzia 
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from the subfamily Bilharzieliinae and created a new subfanilly 
for it, Dendritobilharzinae (= Dendritobilharziinae), 
Cheatum (19^1) described yet another species, D, anatinarum, 
based on seven specimens (two female and five male) recovered 
from two mallards from New York state. 
Macko (1959) recovered five D. pulverulenta from a mallard 
from eastern Czechoslovakia, On comparing his specimens with 
published reports, he synonomized D» anatlnarum Cheatum, 19^1 
with D. pulverulenta (Braun 1901) Skrjabin 1924. 
Dubey (I965) assigned a single male specimen he recovered 
from a domestic mallard to D. asiaticus (= D. asiatica) indi­
cating, however, that it was a poor specimen. He did not say 
how this male worm is differentiated from the male of D. 
pulverulenta, 
Kurochkin (1958) acquired schistosome dermatitis while 
collecting in the Volga Elver delta region of the USSH, He 
suggested Dendrltobllharzla may have been responsible; but 
later (1959) doubted this, because the work of others indicated 
that birds did net become infected with schistosomes in that 
area. 
Dendrltobllharzla, as its name indicates, is differentiat­
ed from other schistosomes by the presence of dendritic (tree= 
like) branches arising from the intestine. Another character­
istic further differentiates it from other genera. Mult 
Dendrltobllharzla apparently prefer the arterial system of their 
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hosts, unlike other adults of the family Sciilstosomatidas -Khich 
inhabit the venous circulation exclusively. 
Although Dendritobilharzia has been known for over 65 
yearsp the subfamily Den&ritobilharziinae is the least known of 
the four schistosome subfamilies. Published reports and taxo-
nomic studies of the group have been based on small numbers of 
specimens. Many of these were recovered only by accident, as 
most parasitologists do not routinely dissect out and examine 
the arterial system of aquatic bird hosts. However, portions 
of the arterial system are excised as the various internal 
organs are removed for study. Being a very active worm, Den­
dritobilharzia frequently crawls out of the cut ends of 
arteries and may be recovered in the surrounding fluid. 
It was just such an accidental recovery during the summer 
of 1963, which initiated the present study, A single specimen 
of D, pulverulenta was recovered from the washings of the body 
cavity of a blue-winged teal being examined for possible derma­
titis producing schistosomes at the Iowa Lakeside Laboratory 
located on Lake West Qkobc-ji in northwestern Iowa, Examination 
of what remained of the arterial system produced several addi­
tional specimens. Presence of this species in local (i,e, young, 
not yet capable of flight) blue-winged teal, mallaixis and wood 
ducks indicated the snail intermediate was present in the area. 
As these facts were determined, a study of the life cycle and a 
critical examination of the morphology and taxonomy of the genus 
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was undertaken. 
The life cycle of this worm has not yet been completed, 
due in large measure to certain aspects of the relationships 
of D, pulverulenta to its avian definitive hosts. The elucida­
tion of some of these relationships constitutes the primary 
contribution of this dissertation. Briefly, the results of 
this study indicate, on the basis of the various anatid hosts 
studiedg that; 1) members of the anatid tribes Aythyini (in­
land divers) and Mergini (sea ducks) serve as normal hosts for 
D. pulverulenta and are responsible for perpetuation of this 
parasite as a species, and 2) members of the anatid tribes 
Anserini (geese and swans), Anatini (dabbling ducks) and 
Cairinini (perching ducks) serve as abnormal hosts and con­
tribute nothing to the maintainence of this worm as a species. 
Although adult D. pulverulenta appear to develop normally in 
these abnormal hosts, female worms deposit only small numbers 
of eggs and these eggs do not embryonate, The role of other 
known avian host groups is as yet undetermined. 
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MATERIALS AND METHODS 
Avian hosts utilized in this study ^ ere obtained from a 
variety of sources. The majority were taken from the wild by 
the investigator, either under the authority of collecting per­
mits or during the open season. In addition, many hunting com­
panions permitted their bag to be examined. Other hosts were 
obtained from fellow investigators at the Iowa Lakeside Lab­
oratory, from the State Conservation Commission's Wildlife Re­
search and Exhibit Station at Boone and from the Northern 
Prairie Wildlife Research Center of the U.S. Bureau of Sport 
Fisheries and Wildlife at Jamestown, North Dakota. 
Scientific names of anseriform hosts referred to are in 
accordance with Johnsgard (I965). For other avian species, the 
AOU Checklist of North American Birds (1957) was used. Age of 
hosts was determined by plumage characteristics and by the 
presence of a bursa of Pabricius. 
&)8ts were examined fresh, unless frozen when received 
from other sources. The heart and major arteries (Figure 10) 
were dissected out in toto, placed in a separate container and 
carefully examined. 
With practice, removal of the heart and major arteries in 
one piece is not difficult. The venter and legs of the bird 
are first skinned. Then the femoral artery in the thigh is ex­
posed by making a tear with scissor point or sharp probe on the 
outer surface of the thigh, parallel and just posterior to the 
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femur. The femoral artery is then dissected from the remainder 
of the fleshy portion of the leg. 
The sternum is removed by cutting through the ribs and 
coracoid bones, taking care not to sever the pectoral arteries 
where they pass through the body wall to the pectoral muscles. 
The air sacs are broken and the cloaca separated from the body 
wall, freeing the visceral mass. Coeliac and anterior mesen­
teric arteries are severed at the point where they begin to 
branch. The visceral mass is then lifted and removed by cut­
ting through the hepatic vein and esophagus just posterior to 
the heart. 
The posterior portions of the kidneys are lifted and re­
moved, exposing the femoral arteries where they pass through 
the renal tissue. Femoral arteries are then freed to the 
sciatic foramen of the ischium and the previously dissected 
distal portions of the femorals are then drawn into the peri­
toneal cavity. 
Major branches of the pectoral arteries are dissected from 
the musculature of the breast; the carotids from the ventral 
surface of the neck, and the dorsal aorta from the right lung 
and ventral surface of the vertebral column. The heart and 
major arteries can then be lifted out and examined. 
The heart was opened and each artery was cut carefully 
along its entire length, so as not to damage worms contained 
therein. Remaining arteries of the visceral organs and lungs 
were examined separately. The body cavity was flushed out with 
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saline and the washings examined, 
Adult worms were placed in saline until fixed in AFA under 
light coverslip pressure. Fixed specimens were transferred to 
70 per cent ethanol, stained in Mayer's paracanaine, counter-
stained in fast greens, cleared in methyl salicylate and mounted 
in synthetic resin. 
Material to be sectioned was fixed in AFA or Bouin's, 
cleared in benzene or chloroform and embedded in paraffin, 8ec« 
tions were cut at six to ten microns and stained with haema-
toxylin and eosin. 
Fresh tissues were examined for presence of Dendritobil-
harzia eggs by squashing a thin piece of tissue in a drop of 
saline under a covership. The squash preparation was then 
scanned under low power magnification (lOOX), 
Developed Dendritobilharzia eggs were obtained by scraping 
the inner wall of the large intestine with a sharp blade to 
separate the mucosa and subnucosa from the muscularis. Scrap­
ings were placed in saline and, with the use of a micropipette, 
well developed eggs were removed and placed in artificial 
spring water for hatching. 
Living miracidia were placed in a drop of dilute methyl 
cellulose, stained with neutral red and/or Nile blue sulfate 
and studied with a compound microscope. Specimens for measure­
ments were fixed in hot ten per cent formalin. Boundaries of 
the dermal cells of the miracidium were stained using the 
silver nitrate technique of Lynch (1933). 
Laboratory reared snails were maintained in culture in a 
medium of artificial spring water, Lettuce, raw or boiled, (in 
accordance with snail species), dried maple leaves and commercial 
fish food pellets (Glencoe Mills, Glencoe, Minnesota) were fed. 
Fish food pellets were essential for optimum growth and re­
production of the snail cultures. Calcium carbonate in the form 
of chalk was added periodically. 
Snails were exposed to miracidia by placing them in small 
stender dishes containing known numbers of miracidia. Exposures 
were made for a period of several hours. Exposed snails were 
maintained collectively in small aquaria. Prior to cercarial 
emergence, snails were placed in Individual glass jars and 
maintained there throughout the period of cercarial emergence. 
Experimental duck hosts were obtained from a commercial 
hatchery and maintained on a diet of cracked corn and Felco 26 
per cent Grain Balancer, Ducks were exposed by allowing them 
to drink from a cercarial suspension. 
Drawings were prepared with the aid of a Leitz micropro-
jector. 
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DEFINITIVE HOSTS 
Dendritobilharzia is cosmopolitan and appears to exhibit 
little host specificity. A world list of host and locality 
records, including material from the present study, is present­
ed in Table 1. Two avian orders, Podicepidiformes and Pelecani-
formes, are represented by single records of a single specimen 
from one member of each order. The order Gruiformes is repre­
sented by a number of records from a single host species, the 
European coot. The order Anseriformes is represented by 
records from 29 species including four swans, one goose and 24 
ducks. 
Geographical records indicate Dendritobilharzia to be well 
distributed over North America, Europe and Asia. 3raun*s 
initial record of D. pulverulenta from Africa is the only re­
port for that continent. No records have been published for 
South America; however, hosts known to be infected in North 
America (notably the blue-winged teal) regularly migrate to and 
winter in Central and South America. No records exist from 
Australia. 
In the present study, 396 birds, representing 3? species 
from six orders were examined (Table 2). All hosts were col­
lected in Iowa with the exception of three white pelicans 
(American) from North Dakota, D. pulverulenta was recovered 
from 12 host species, all members of the order Anseriformes. 
Five of these species, the whistling swan (Cygnus columblanus), 
Table 1. Known definitive hosts and geographical distribution for described species 
of the genus ]3endritobi 1 harz 1 a 
Host species D. sp. 
Order Podicipediformes 
Family Podicipedidae 
Eared grebe pulv,' 
Order Pelecaniforraes 
Family Pelecanldae 
White pelican 
(European) loos. 
Order Anserlformes 
Family Anatldae 
Tribe Anserini 
Mute swan pulv. 
Whooper swan sp. 
Trumpeter swan pulv. 
Whistling swan pulv. 
Geographical 
location 
Alberta, Canada 
Turkestan, USSR 
Kazakhstan, USSR 
Illinois, USA 
Montana, USA 
Utah, USA 
Iowa, USA 
Source 
Gallimore (196^ per­
sonal communication) 
Skrjabin (1924) 
Maks imova (196 2) 
Levine et al, (195^) 
McDonald (1964, pri­
vate communication, 
see text) 
McDonald (1964) 
preoent study 
H 
^Species of Dendritobi1harz1a will be abbreviated as follows g pulv, = pulver-
ulenta, anat. = anatlnarum, asia. = asiatica and loos. = loossl. 
Table 1. (Continued) 
Host species D. sp, 
Canada goose pulv. 
Tribe Calrlnlnl 
Wood duck sp. 
puly. 
anat. 
Mandarin duck pulv. 
Tribe Anatlnl 
Common gadwall pulv. 
Common teal pulv. 
anat. 
asla. 
Common mallard sp, 
pulv. 
Geographical 
location Source 
Utah, USA McDonald (1964) 
New York, USA 
Iowa, USA 
New York, USA 
? 
Bump (19^3) 
present study 
Bump (19^2) 
Odhner (1911) 
Kazakhstan, USSR 
Utah, USA 
Tadshlklstan USSR 
Uzbekistan, USSR 
Yakutlya, USSR 
Poland 
Iowa, USA 
New York, USA 
New York, USA 
India 
New York, USA 
Kazakhstan, USSR 
Kazakhstan, USSR 
Kazakhstan, USSR 
Makslmova (I962) 
McDonald (1964) 
Borgarenko (I96I) 
Sultanov (1959) 
Blkhovskaya-Pavlovskaya 
(195^) 
Sulgostowîika (1963) 
present study 
Bump (1941) 
Bump (1942) 
Mehra (19^0) 
Bump (1943) 
Belokobylenko (I963) 
Makslmova (1962) 
Panln (i960) 
Table 1, (Continued) 
Host species D. sp. 
anat, 
as la. 
American Black 
duck anat. 
Common pintail sp, 
pulv. 
anêtïï. 
Garganey pulv 
Geographi cal 
location Source 
Siberia, USSR 
Ukraine, USSR 
Nebraska, USA 
Utah, USA 
Iowa, USA 
USSR 
New York, USA 
New York, USA 
New York, USA 
India 
Bikho vs kay a- Pavl o v« kay a 
(1953) 
Skrjabin and Zakharow 
(1920) 
McDonald (1964) 
McDonald (1964^) 
present study 
Osimarin (1948 ) 
Bump (1941) 
Bump (1942) 
Cheatum (1941) 
Dubey (1965) 
M 
New York, USA 
New York, USA 
New York, USA 
Utah, USA 
New York, USA 
New York, USA 
Sudsin, Africa 
Kazakhstan, USSR 
Yakutiya, USSR 
Poland 
Poland 
Czechoslovakia 
Bump (1941) 
Bump (1942) 
Bump (1943) 
McDonald (1964) 
Bump (1941) 
Bump (1942) 
Braun (1901, 1902) 
Gvozdev (1962) 
Blkhovskaya and Rizhikov 
(1958) 
EJsmont (1929) 
Macko (1959) 
Macko (1961 ) 
Table 1» (Continued) 
Host species D, sp, 
Blue-winged teal pulv. 
Cinnamon teal pulv. 
Common shoveler pulv. 
anat. 
Tribe Aythyini 
Canvasback sp. 
European pochard pulv. 
Redhead pulv. 
anat. 
Ring-necked duck anat. 
Geographical 
location Source 
Texas, USA 
Iowa, USA 
Utah, USA 
Kazakhstan, USSR 
Utah, USA 
Iowa, USA 
New York, USA 
McDonald (1964) 
present study 
McDonald (1964) 
Gvozdev (1962) 
McDonald (1964) 
present study 
Bump (1941) 
Michigan, USA 
Manitoba, Canada 
Kazakhstan, USSR 
Tadzhikistan, USSR 
Yakutsk, USSR 
Utah, USA 
Iowa, USA 
New York, USA 
New York, USA 
Cornwell and Cowan 
(1963) 
Cornwell and Cowan 
(1963) 
Maksimova (I962) 
Forgarenko (I96I) 
Bikhovskaya-Pavlovskaya 
and Rizhikov (1958) 
McDonald (1964) 
present study 
Bump (1941) 
Bump (1941) 
Table 1. (Continued) 
Host species D, sp, 
Tufted duck pulv. 
Greater scaup anat. 
Lesser scaup pulv. 
Tribe Merglnl 
Whlte-wlnged 
scoter pulv. 
Bufflehead pulv. 
Common goldeneye pulv. 
anat. 
Red-breasted 
merganser pulv. 
Common merganser pulv. 
Tribe Oxyurlnl 
Ruddy duck pulv. 
Geographical 
location Source 
Kazakhstan, USSR 
Poland 
New York, USA 
New York, USA 
Gvozdev (1962) 
Sulgostowska (I963) 
Bump (19^1) 
Bump (19^2) 
Iowa, USA present study 
Wisconsin, USA 
Iowa, USA 
Utah, USA 
Iowa, USA 
New York, USA 
Iowa, USA 
Iowa, USA 
Brackett (1940) 
present study 
McDonald (1964) 
present study 
Bump (I941 ) 
present study 
present study 
Utah, USA McDonald (1964) 
Table 1. (Continued) 
Geographical 
Host species D, sp, location Source 
Older Gruiformes 
Family Rallidae 
European coot sp. 
pulv. 
anat, 
Czechoslovakia 
Astrakhan preserve 
USSR 
Takzhikistan, USSR 
Siberia, USSR 
Yakutiya, USSR 
Poland 
Poland 
Poland 
Italy 
Germany 
Zajicek and Pav (I96I) 
Ginetsinskaia (1952) 
Borgarenko (I96I) 
Blkhovskaya-Pavlovskaya 
(195^) 
Blkhovskaya-Pavlovskaya 
and Rizhikov (1958) 
Sulgostowska (1958) 
Sulgostowska (1958) 
Sulgostowska (1958) 
Ricci and Carvescia 
(1961) 
Palm (1965) 
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Table 2. Definitive hosts sxanined for Sendritooilharzia 
Hosts 
Number Number Per cent 
examined infected infected 
Order Podlcipediformes 
Family Podicipedidae 
Horned grebe 
Pied-billed grebe 
Order Pelecaniformes 
Family Pelecanidae 
White pelican (American) 
Order Ciconiiformes 
Family Ardeidae 
Great blue heron 
Green heron 
Black-crowned night heron 
American bittern 
Order Anseriformes 
Family Anatldae 
Subfamily Anserinae 
Tribe Anserini 
Whistling swan** 
Snow goose 
Canada goose* 
Tribe Cairinini 
Wood duck* 
2 
8 
1 
1 
1 
1 
1 
3 
2 
24 
0 
0 
0 
0 
0 
0 
1 
0 
0 
"100" 
21 
•previously reported as a definitive host 
•*new host record 
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Table 2, (Continued) 
Hosts 
Number Number Per cent 
examined infected Infected 
Tribe Anatini 
American widgeon* 7 
Gadwall- 3 
Common teal* 14 
CoiTHon mallard* 22 
Common pintail* 5 
Blue-winged teal* 113 
Common shoveler* 13 
Tribe ^thsrini 
Bedhead* 7 
Bing-necked duck* 8 
Lesser scaup duck** 55 
Tribe Merglni 
Surf scoter 1 
White-winged scoter* 1 
Buffiehead** 12 
Common goldeneye* 10 
Hooded merganser 2 
Bed-breasted merganser** 3 
Common merganser** 9 
Tribe CSyurini 
Buddy duck* 5 
0 
0 
1 
10 
0 
43 
8 
1 
0 
13 
0 
0 
2 
2 
0 
2 
1 
7 
46 
38 
62 
14 
24 
17 
20 
"66" 
"11" 
20 
Table 2» (Continued) 
Hosts 
lAmber 
examined 
Number 
infected 
Per cent 
infected 
Order Gruiformes 
Family Ballidae 
American coot 39 0 
Order Charadriiformes 
Family Scolopacidae 
Spotted sandpiper 1 0 
Pectoral sandpiper 2 0 
Family Laridae 
Herring gull 1 0 
Hing-billed gull 14- 0 
Franklin's gull 1 0 
Forster's tern 1 0 
Black tern 2 0 
21 
lesser scaup (âythya affinis), tufflshssd (Bucephala albeola), 
common merganser (Merggs merganser) and red-breasted merganser 
(M. serrator), represent new host records. 
Incidence of infection ranged from seven to 62 per cent in 
those hosts where more than ten individuals were examined 
(Table 2), overall incidence for dabbling ducks (Anatini) being 
greater than for other tribes. However, more dabbling ducks 
were examined and many of these were taken from a known endemic 
area for D. pulverulenta in northwestern Iowa, Incidence in 
other studies Is variable, brat generally Iot?, Very few investi­
gators routinely check the dorsal aorta and none have reported 
checking the femoral arteries. As a result, the data in this 
study are not very comparable. 
The youngest naturally infected ducklings from which D, 
pulverulenta were recovered were a four-week-old wood duck, a 
five-week-old mallard and a five-week-old blue-winged teal. Al-
thougk. the parasites recovered from these hosts were the small­
est obtained, they were fully developed, the females being 
gravid, Kb younger stages were recovered from 24 ons-to four-
week-old ducklings examined. Prom one to 11 fully developed 
worms were recovered from each infected duck, the average being 
2.5 (Table 3). The single infected whistling swsin harbored 23 
specimens. Considerable variability exists between duck species 
and between sexes within duck species with reference to the 
mean number of worms per infected host (Table 7). In view of 
the variation in worm numbers between individual hosts and the 
Table 3. Numbers of D. pulverulenta recovered from Infected duoks 
Male hosts Female hosts All hosts 
Worms yprms 
Species 
No. In­
fected Range 
Mean/ 
host 
No. In­
fected 
"" Mean7 
ijd host 
No. In­
fected Range 
Mean/ 
host 
Wood duck 3 1-4 2.0 2 1 1.0 5 1—4 1,6 
Common teal 1 1 1.0 0 - » ]. 1 1.0 
Common mallard 4 1-3 2.0 6 1-8 3.2 10 1—8 2.7 
Blue-winged teal 21 1-6 2.6 21 1-6 2.6 42 1—6 2.6 
Common shoveler 5 1-11 4.4 3 1-9 8 1™11 4.1 
Redhead 0 
- - 1 1 1.. i) 1 1 1.0 
Lesser scaup 7 1-3 1.9 2 2-3 2.5 9 1-3 2.0 
Buffiehead 0 -
-
1 2 2.0 1 2 2. D 
Common goldeneye 1 6 6.0 0 
-* 1 6 6,0 
Red-breasted 
merganser 2 1 1.0 0 tm « 2 1 1,0 
Common merganser 1 9 9.0 0 •• 1 9 9.0 
to 
to 
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small number of individuals examined in most species, such 
variations can only be attributed to sampling error. 
In addition to the material collected in this study, 52 
specimens of D, pulverulenta from 12 anatid host species were 
donated by Dr. Malcolm E. McDonald of the Bear River Research 
Station of the U.S. Pish and Wildlife Service, Brigham City, 
Utah. These previously unpublished records are included in 
Table 1« Of these 12 host records, four are previously unre­
ported; the trumpeter swan (Cygnus buccinator), whistling swan 
(C. columbianus - also recorded in this study), cinnamon teal 
(Anas cyanoptera) and the ruddy duck (Oxyura Jamaicensis). The 
trumpeter swan was collected in Montana and the other three 
hosts in Utah, Dr. McDonald also recovered D. pulverulenta 
from a Canada goose; this material5 however, is being prepared 
for publication by Dr. Lawrence A, Penner of the University of 
Connecticut. Dr. Penner very kindly loaned for study this 
specimen and another he recovered from a white-winged scoter 
collected in Minnesota. 
A single specimen of D. pulverulenta from an eared grebe 
collected in Alberta, Canada, was loaned for study by Dr. John 
Gallimore of the University of Alberta at Edmonton. 
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ADULT 
Location Within the Host 
Various investigators have reported adult Dendrito"bi 1 harzia 
from a variety of locations within the host. Following is a 
listing of those locations. 
Bump (1940) - blood vessels 
Blimp (1942) - dorsal aorta 
Cheatum (1941) - dorsal aorta 
Cornwell (I963) - kidney 
Dubey (I965) - washings of internal organs 
Ejsmont (1929) - heart and larger blood vessels 
Levine et (195^) - artery of brain and mesenteric 
vessel 
Macko (I959) - washings of kidneys 
Macko (1961) - blood vessels of lungs and kidneys 
McDonald (1964), personal communication) - dorsal aorta 
Mehra (1940) - branch of anterior mesenteric vein 
Palm (1965) - dorsal aorta and blood vessels of kidneys 
Bicci and Carvescia (I96I) - blood vessels 
Skrjabin (1924) - washings of small intestine 
Sulgostowska (1958) - blood vessels of lungs 
Sulgostowska (i960) - blood system: heart, kidneys and lungs 
Ulmer and Vande Vusse (1964) - arterial system 
In the present study, D, pulverulenta were recovered only from 
the arterial system of the hosts. Major arteries of the duck 
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are shown in Figure 10 and are described briefly below. 
The aorta arises from the left ventricle and produces 
paired left and right brachiocephalic arteries. The aorta then 
arches dorsally and to the right before proceeding posteriad, 
Sach brachiocephalic gives rise to a short subclavian and a 
common carotid. Each subclavian in turn branches to form a 
large pectoral artery to the breast musculature and a smaller 
brachial artery to the wing. Common carotids lie close to one 
another along the ventral surface of the cervical vertebrae for 
most of the length of the neck. 
The dorsal aorta continues posteriad, giving off two large 
unpaired branches ; the coellac artery to the proventrlcuius, 
gizzard, pancreas, and duodenum, and the superior mesenteric 
artery to most of the remaining intestine and the colic caeca. 
The next major branches are the paired femoral arteries, aris­
ing approximately midway along the length of the kidneys and 
passing out of the peritoneal cavity throughout the sciatic 
foramina of the Ischia, A greatly reduced dorsal aorta then 
continues posteriad to the end of the peritoneal cavity where 
it gives off an inferior mesenteric artery supplying the poster­
ior 2/3 to 3/4 of the large intestine. 
In the present study, those portions of the arterial sys­
tem shewn in Figure 10 and described above were routinely 
examined for Dendritobilharzia. Previous reports indicated the 
dorsal aorta was probably the primary habitat. Numerous 
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observations of localization of tills ;;or= in the loT?sr doi^al 
aorta prompted exploration of the femoral arteries. These 
arteries proved to be an important habitat for D. pulverulenta. 
Distribution of recovery sites for D. pulverulenta in this 
study is summarized in Table 4, Over half (^4.4 per cent) were 
recovered from the femoral arteries, from their origin to the 
level of the joint between the femur and tibiotarsus. No worms 
were recovered from the femoral arteries distal to that point. 
An additional 29.5 per cent of the worms were recovered from 
that portion of the dorsal aorta extending pcsteriad from the 
adrenal glands. In all, 83.9 per cent of the 21? specimens of 
D. pulverulenta with recovery site data, were found in these two 
areas. 
Occasionally, specimens were recovered from other portions 
of the aortaÎ the brachiocephalic, carotid and coeliac arter­
ies, Two specimens were recovered frran the left ventricle of 
the heart, Ifo specimens were recovered from the venous system. 
There are some interesting differences between data for 
the surface duck group (wood duck to shoveler) and the diving 
duck group (redhead to common merganser) as indicated in Table 
4, In the surface duck group, 34 of 146 (23.3 per cent) speci­
mens were recovered in arteries anterior to the adrenal glands; 
of 25 worms recovered from the diving duck group; none were 
located in arteries anterior to the ad renal glands. Two of 146 
(1,4 per cent) specimens from the surface duck group were re­
covered in that portion of the dorsal aorta posterior to the 
Table 4. Recovery sites of D. pulverulenta within the arterial system of the host 
Location 
No . worms Brachio­ Dorsal , Dorsal 
recovered cephalic aorta I aorta 11'^ Femoral Other 
Whistling swan 23 0 0 0 23 0 
Wood duck 8 3 0 2 3 0 
Common teal 1 0 1 0 0 0 
Mallard 3 4 3 18 2 - coellac 
Blue-winged teal 843 7 8 30 38 1 - heart 
Shoveler 34 1 2 9 21 1 - heart 
Redhead 1 0 0 0 1 0 
Lesser scaup 18 0 0 11 7 0 
Bufflehead 2 0 0 2 0 0 
Common goldeneye 5 0 0 1 4 0 
Red-breasted merganser 2_ 0 0 2 0 0 
Common merganser 8^ 0 1 4 3 0 
Totals 217 14 16 64 118 4 
Per cent of total 6.5 7.4 29.5 54.4 2.3 
^Dorsal aorta from heart to adrenal glands 
^Dorsal aorta from adrenal glands to posterior end 
^Twenty-four specimens from blue-winged teal and one specimen from the common 
merganser were recovered from washings of the arterial system and are not Included 
in this tableo 
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origin of the femoral arteries; seven of 35 (20.0 per cent) from 
the diving duck group were recovered from this area. All seven 
of these specimens were from the lesser scaup and represent 
38.8 per cent (7 of 18) of the worms recovered from lesser 
scaup. 
Whether or not the ability of D. pulverulenta to move with­
in the arteries after death of the host affects its distribution 
is unknown. Hosts were refrigerated as soon after death as 
possible (§ to 12 hours) and were examined within one to 60 
hours after death. D. pulvsrulenta -sirere recovered alive from 
hosts that had been dead for as long as 48 hours. In view of 
the concentration of worms in the lower major arteries and the 
orientation of the worms within the arteries, i.e. toward the 
heart, significant movement of Dendrltobllharzla after death of 
the host would reduce the number of worms recovered from the 
femoral arteries and lower dorsal aorta. The fact that no D. 
pulverulenta were recovered from arteries anterior to the 
adrenal glands in the diving duck group, while a significant 
number (23.3 per cent) were found in arteries anterior to the 
adrenals in the surface duck group, suggests that this differ­
ence may be a response to the host rather than a result of 
movement of the worms after death of the host. Birds in these 
two groups received similar treatment for similar time periods 
between death of the host and examination for D. pulverulenta. 
The variety of recovery site information recorded for 
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asabers of the genus Sendrifcobilharzia reflects largely the 
manner in which parasitologists examine hosts. Few parasit­
ologists routinely dissect out and examine the arterial system 
of aquatic avian hosts? rather, they excise various Internal 
organs and portions of the arterial system closely associated 
with these organs, e.g. the portion of the dorsal aorta passing 
along the surface of or through the right lung, portions of the 
coeliac and anterior mesenteric arteries associated with the 
various digestive organs, the dorsal aorta passing between the 
kidneys, and the femoral arteries passing through the body of 
the kidneys. Portions of the primary habitat of Dendrito-
bilharzia are frequently removed from the body during the 
routine examination of various organs and, as mentioned earli­
er, living adult D. pulverulenta may crawl out of these excised 
portions of artery and may be found in association with the 
organ. This would especially be true in the case of the kid­
neys. The single report (Mehra, 19^0) that specifically re­
ports a vein as a recovery site is puzzling. 
Behavior 
The thickness and opacity of the arterial walls make 
extremely difficult the observation of living adult D. pulver­
ulenta within intact arteries. Occasionally in smaller arter­
ies, e,g. the dorsal aorta posterior to the origin of the 
femorals, it is possible to see the dark, blood filled intestine 
of this worm through the arterial wall. Specimens were generally 
30 
first observed as the artery was opened with a scissors. The 
worms were usually oriented within the artery with the anterior 
end pointed toward the heart, i,e, directed against the flow of 
blood. Adult D, pulverulenta were never observed ^  copula. 
Living D. pulverulenta are very active and capable of 
extreme changes in body configuration. Body shape ranges from 
stout and contracted to elongate and slender (Figures 2 to 5). 
Areas of expansion and contraction may progress in a wave-like 
zmanner along a part of the woim's body or along its entire 
length. Living worms can be fixed in these various eztreme 
shapes, however a more regular form (Figure 1) is most commonly 
obtained. 
Living D. pulverulenta are capable of movement within the 
arteries of a dead bird host. On several occasions, it was 
possible to observe a specimen slowly making its way through an 
artery toward the heart. The rate of movement in a dead host 
is very slow; however, when the anterior end of living D. pul­
verulenta is exposed as an artery is opened, it frequently 
crawls out of the artery into the surrounding fluid in a matter 
of moments. It is not uncommon to find adult D. pulverulenta 
free after a dissected, intact arterial system has been placed 
in saline and individual arteries have been removed for examina­
tion, This happens most frequently when the arterial system is 
removed in several pieces from the host. 
Though lacking suckers or any other obvious means of 
attachment, adult D, pulverulenta apparently are able to maintain 
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their position within the lumen of the artery of a living host, 
against normal host arterial blood pressure. Occasionally, 
specimens are found literally packed into an artery (Figure 8), 
usually the distal portion of the femoral. In one instance, a 
worm was folded lengthwise and a portion of its body bulged 
noticeably into a branch of the femoral. No obvious pathology 
was associated with this form of arterial blockage. Apparently 
sufficient collateral circulation develops in these situations. 
Normally, the worms are found free within the arterial lumen. 
The fact that female D. pulvemlenta, in normal hosts, 
apparently oviposit only in the posterior portion of the dorsal 
aorta at the origin of the inferior mesenteric artery, and that 
most of the worms recovered from these hosts are in the femoral 
arteries or a more anterior portion of the dorsal aorta, would 
indicate that these worms must be capable of movement against 
normal arterial blood pressure within the arteries of a living 
host. The mechanics of this movement are as yet undetermined. 
Morphology 
Previously published descriptions on the morphology of 
members of the genus Dendrltobilharzia have been based on studies 
of very few specimens, Descriptions by Braun (1901, 1902), 
Skrjabin and Zakiiarow (1920), 8krjabin (1924) and Mehra (1940) 
were based on th3 examination of a single specimen of one sex. 
Ejsmont (1929) and Macko (1959) utilized one specimen of each 
sex, and Cheatum (1941) reported on five specimens including 
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three males and two females. These descriptions have been essen­
tially accurate (exceptions will be noted below), but lacked the 
completeness, detail, and realization of the variability in­
herent within a species that can come only by examination of a 
number of specimens. 
The following account of the morphology of D. pulverulenta 
is based on observations and measurements obtained from I3I male 
and 81 female specimens preserved as whole mounts and from a 
number of serially sectioned specimens. These specimens repre­
sent 21 anseriform hosts. Morphologically, the specimens exam­
ined are all alikej there is, however, great variation in their 
size. This great size variation is apparently inherent in D, 
pulverulenta and is affected to some degree by host age, para­
site age and host species. Where large numbers of specimens 
are available from a single host species, the variability with­
in this group of specimens approximates the variability of all 
specimens measured (see Table 8), On the basis of morphology 
and host-parasite relationships of the adults to their anatid 
hosts (to be discussed later), all specimens examined in this 
study are considered to be Dendritobilharzia pulverulenta 
(Braun, I90I) Skrjabin, 1924, The reasons for this decision 
will be discussed in later sections. 
The sex ratio of D, pulverulenta recovered from d- in 
th-^s study is presented in Table 5* The overall sex r of 
72 females per 100 males based on 205 specimens reflecs a con­
sistant bias toward males. The single Infected whistling swan 
Table 5, Mean numbers and sex ratio of male and female D. pulverulenta recovered from 
various duck hosts " 
Host Worms recovered Mean worms/host Sex ratio 
Species 
No„ In­
fected Total Male Female Total Male Female Male 8female 
Wood duck 5 8 6 2 1.6 lo2 0.4 100* 33 
Common teal 1 1 1 «• 1.0 1.0 
— 
100 g 0 
Mallard 10 30 20 10 3.0 2o0 1.0 100 s 50 
Blue-winged teal 42 95 52 '+3 2.3 1.2 1.0 100 g 83 
Shoveler 8 34 20 14 4.3 2.5 1.8 100 s 72 
Redhead 1 1 1 - 1.0 1.0 
- 100 s 0 
Lesser scaup 9 18 9 9 2.0 1.0 1.0 lOOslOO 
Bufflehead 1 2 1 1 2.0 1,0 1.0 lOOslOO 
Common goldeneye 1 5 3 2 5.0 3.0 2.0 100; 66 
Red-breasted 
merganser 2 2 1 1 1.0 0.5 0.5 lOOslOO 
Common merganser 1 9 5 4 9.0 5.0 4.0 100; 80 
Totals 81 205 119 86 2o5 1.4 1.1 100; 72 
w 
w 
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harbored 20 male and three female D. pulverulenta, further 
strengthening the bias. In no host species examined were more 
females than males recovered, however this did occur in certain 
individual hosts. The reason for the predominance of males is 
not known. 
The general body plan of male and female D. pulverulenta 
is similar (Figures 11, 12, 13» 14). The body is elongate and 
flattened and tapers somewhat near the ends. The integument is 
smooth and lacks spines. There is no sucker associated with 
the oral opening and no acetabulum has been observed. Apprczi-
mately the posterior three-quarters of the body is filled by 
the zigzag common caecum with its dendritic branches, and by 
vitellaria in the female and testes in the male. The remaining 
reproductive structures, excepting the genital pores and assoc­
iated ducts, are contained within the area enclosed by the pair­
ed portion of the intestine in the anterior fourth of the body. 
In the following specific discussion of the anatomy of D. 
pulverulenta, measurements will not be given in the text. 
Means, standard deviations and ranges in millimeters are given 
for the various structures of the males in Table 6 and of fe­
males in Table ?• 
Digestive system 
The oral aperture is small, subterminal, and opens directly 
into an esophagus that extends posteriad to the bifuracation of 
the intestine. The path of the esophagus is generally straight. 
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Table 6. Measurements (in mm) of mature male D, pulverulenta 
Std. dev-
Measurement No, Mean iation Range 
Body length 110 6.65 + 1.53 2.95 -13.30 
Body width (greatest) 123 1.01 +0,30 0,40 - 1,79 
Anterior to rudimentary 
female genital pore 122 0.37 + 0,07 0,20 - O.5I 
Length of esophagus 122 0,62 + 0,16 0.37 - 0,91 
Length of paired 
intestine 121 0,84 + 0,25 0,24 - 1.47 
Anterior to origin of 
common caecum I30 1.35 + 0.52 0.72 - 2.28 
Anterior to seminal 
vesicle I30 0.82 + 0,28 0,51 - I.I7 
Length of seminal 
vesicle 124 0,29 + 0,09 0,11 - 0.52 
Greatest diameter of 
seminal vesicle 124 0,09 ± 0,03 0,02 - 0,18 
Anterior to cirrus 122 1,20 +0,25 0,51 - 1.79 
Diameter of cirrus 126 0,15 + 0.04 0,06 - 0,28 
Anterior to first 
testis 121 1,65 + 0.33 0.89 - 2.45 
Length of testicular 
region 115 4.56 + 1.25 1.92-8.45 
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Table 7. Measurements (in mm) of adult female D. pulveiralenta 
Std. dev-
Measurement 2fo, Mean iatlon Range 
Body length 71 6.73 i 1.37 3.35 -10.37 
Body width (greatest) 79 
o
 
o
 
H
 ± 0.28 0.40 - 1.65 
Anterior to uterine 
pore 78 0.33 ± 0.07 0.15 - 0.48 
Length of esophagus 76 0,69 ± 0.09 0.34 - 0.97 
Length of paired 
intestine 76 1.38 ± 0.36 0.63 - 2.29 
Anterior to origin of 
common caecum 76 2.02 + 0.49 0.98 - 2.99 
Anterior to uterus 78 0.94 + 0.23 0.45 - 1.34 
Length of uterus (ex­
cluding metraterm) 78 0.48 + 0.12 0.18 — 0.76 
Width of uterus 78 0.39 + 0.10 0
 
H
 
1 0.61 
Anterior to ovary 78 1.47 ± 0.31 0.67 - 2.10 
Length of ovary 80 0.43 + 0.10 0.15 - 0.61 
Width of ovary 81 0.39 + 0.09 0.15 - 0.64 
Anterior to seminal 
receptacle 74 1.86 i 0.56 0.94 - 2.63 
Length of seminal 
receptacle 72 0.20 ± 0.05 0 « 08 " 0.31 
Greatest width of 
seminal receptacle 72 0.09 i 0.03 0.03 — 0.13 
Anterior to start of 
vitellaria 72 2.00 ± 0.37 0.94 - 2.95 
Length of vitelline 
region 74 4.63 i 1.23 2.23 - 7.73 
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except where it is laterally displaced in the region of the 
female genital pore and a similarly placed, cuticularized open­
ing in the male. Glandular cells surround the esophagus along 
its entire length. They increase in density toward the poster­
ior end, forming a bulb shaped mass around the posterior third. 
Immediately beyond the esophagus, the intestine divides 
into lateral branches which turn posteriad. These branches en­
close a number of reproductive structures in the intercaecal 
field, and rejoin posterior fcc the reproductive structures to 
form the common caecum. The diameter of the paired intestinal 
caeca is greatest in the anterior portion. The caeca are 
usually provided with short diverticula that are most numerous 
and largest along their anterior portions. 
In Braun's (I90I, 1902) original specimen of D. pulver-
ulenta, a commissure is reported to occur between the paired 
caeca, immediately posterior to the intestinal bifurcation, 
Odhner (I9II) called attention to the unreliability of this 
character, although Skrjabin and Zakharow (1920) used this as 
a generic character. In the present study, a pair of medially 
projecting diverticula, one from each caecum, was commonly ob­
served just posterior to the origin of the paired caeca. In 
most specimens the ends of these diverticula were well separat­
ed; occasionally they touched, but were never fused to form a 
cross commissure. 
In female D, pulverulenta, the paired intestinal caeca 
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enclose the uterus (except the metraterm), the ootype, the 
ovary and the seminal receptacle. These organs fill the area 
from the origin of the intestinal caeca to the anterior edge of 
the vitellarla. Thus, in fszalc psoras, paired caeca unite in 
the immediate area of the anterior edge of the vitelline region. 
Paired caeca united just posterior to the anteromost vitelline 
follicle 53 of 55 times (95 per cent) and just anterior to it 
in the other three cases (5 per cent). 
In male D. pulverulenta, paired intestinal caeca enclose 
only the seminal vesicle, which is located in the anterior half 
of that region between the base of the esophagus and the first 
testis. Paired caeca may rejoin in the region from just poster­
ior to the seminal vesicle to the anterior edge of the testes. 
Paired caeca rejoined anterior to the first testis in 83 of 95 
instances (87 per cent) and posterior to the first testis 12 of 
95 times (13 per cent). If paired caeca rejoin anterior to the 
testes, small diverticula may occur in this region; however, 
large dendritic branches of the common caecum were observed only 
posterior to the first testis. 
The common intestinal caecum proceeds posteriad to the end 
of the body in a zigzag fashion. Lateral branches, which may or 
may not be branched, arise at intervals along the common caecum. 
Two specimens of D, pulverulenta examined had anomalous 
intestines. In a male specimen from a shoveler (Figure 6), 
paired intestinal caeca rejoined just posterior to the seminal 
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vesicle. A second bifurcation and almost immediate rejoining of 
the intestine occurred before the intestine reached the level of 
the first testis. In a female specimen from a red-breasted 
merganser (Figure 7)» the paired intestinal caeca remained sepa­
rated through three fourths of the length of the vitelline 
region before rejoining and proceeding normally a short distance 
to the posterior extremity of the body. Numerous cross commis­
sures were observed between the caeca in the area where they were 
abnormally separated, i,e, in the vitelline region. Dendritic 
branches occurred only lateral to the abnormally paired caeca. 
The cross commissures were the only medially oriented branches. 
Excretory and nervous systems 
The excretory and nervous systems of adult D. pulverulenta 
were not studied in detail. Grossly, the excretory system con­
sists of two lateral ducts joining to form a small excretory 
bladder located at the posterior end of the body. The bladder 
expties through a small, terminal pore at the posterior end of 
the worm. The nervous system is represented by two lateral cords 
running the length of the body szid joined by a cross commissure 
situated in the region between the oral opening and the genital 
pore of the female or the similarly placed cuticularized struc­
ture in the male, 
Male reproductive system 
Individual testes are quite variable in shape, ranging from 
oval to elongate, their borders regular to slightly lobed, or 
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occasionally branched. Testes are arranged in a band one third 
to two thirds the width of the body and are located in the 
posterior three fourths of the body, adjacent to that portion 
of the common caecum with dendritic branches. Their number is 
variable, ranging generally from ICQ to 170, 
The vas deferens is first evident at the anterior edge of 
the testicular region. It extends anteriorly in a ventromedial 
position, to the level of the anterior end of the seminal ves­
icle, Prom this point, it turns dorsally and joins the atten­
uated anterior end of the seminal vesicle. 
The seminal vesicle is a tubular structure, largest near its 
anterior end and tapering in its posterolateral course towards the 
cirrus. The loosely coiled seminal vesicle generally produces one 
to one and a half coils along its length. Although it is usually 
located entirely within the intercecal field, occasionally its 
posterior portion may extend beyond one caecum. The posterior 
end of the vesicle narrows abruptly to form a poorly developed 
ejaculatory duct proceeding posterolaterally to the cirrus. 
Presence of a cirms was apparently overlooked by Braun 
(1901, 1902) in his original descriptions. Later workers, how­
ever, corrected this error. 
The cirrus is located ventrolaterally in the region of the 
paired intestine, just posterior to the seminal vesicle. When 
extended, the cirrus is club-shaped, its tip often projecting 
posteriad. It may be located either on the right or left side 
of the body. In a sample of 123 male worms, the cirrus was 
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located on the right side 91 times (76 per cent) and on the left 
32 times (24 per cent). The ejaculatory duct passes from the 
distal end of the seminal vesicle, extends through the body of 
the cirrus, and opens on its posterior face» Prostate cells are 
present, but no evidence of a cirrus pouch (mentioned by Ejsmont, 
1929 and Yamaguti, 1958) can be found. 
There is no well developed gynaecophoric canal in male D. 
pulverulenta. The only suggestion of one occurs in males fixed 
with little or no coverslip pressure. In these specimens, the 
edges of the body are turned downward to produce a short longi­
tudinal fold in the region of the cirrus. In sectioned materi­
al, dorsoventral musculature is prominent in this region. Fold­
ing of the body in this area is frequently sufficient to produce 
a half circle (in cross section) with the everted cirrus point­
ing toward the center. With such an arrangement, the male 
could clasp one edge of the female and the cirrus would be 
properly oriented for insertion into the female genital opening. 
However, until this species is observed ^  copula, the above can 
only be considered speculation. 
All male specimens of D. pulverulenta examined in this 
study possessed a cuticularized opening on the midline of the 
ventral body surface, midway between the anterior end and the bi­
furcation of the intestine. No ducts or glsinds have been ob­
served associated with this structure. Its position corresponds 
exactly with that of the genital pore in the female. In 
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acetabulate schistosomes, the ventral sucker is situated at the 
level of the bifurcation of the intestine, a point considerably 
posterior to the cuticularized opening in male D. pulverulenta. 
This opening appears to be a rudimentary female genital pore, 
thus indicating the existence of secondary hermaphroditism, 
Although secondary hermaphroditism has been observed in mammal­
ian schistosomes by numerous workers, D. pulverulenta is the 
first avian schistosome for which this phenomenon has been re­
ported, This structure will be discussed in greater detail in 
a forthcoming paper by Ulmer and Vande vusse. 
Female reproductive system 
Vitelline follicles are well distributed along the common 
caecum in female D. pulverulenta, filling this portion of the 
body from edge to edge. A single vitelline duct is first evi­
dent at the anterior end of the vitellarla. It passes anterlad 
around the seminal receptacle and ovary to the ootype. The 
vitelline duct was always observed to be on the same side of the 
ovary as the ootype. 
The seminal receptacle is a small tubular structure lying 
between the ovary and the anteromost vitellarla. It frequently 
assumes a "U" shape with the "U" opening ventrally. A duct 
arises from one end of the seminal receptacle and immediately 
joins the oviduct. 
The ovary is a tubular coiled structure, the blind end 
anteriorly situated, with the oviduct arising from its posterior 
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end. The oviduct immediately receives the duct from the seminal 
receptacle, and then proceeds laterally to that side of the body 
on which the ootype is situated. Before preceedlng anterlad, 
the oviduct gives off a Laurer's canal opening dorsally. The 
oviduct then follows the vitelline duct anterlad to the ootype 
where oviduct and vitelline duct join. 
The ootype is found to the right or left of the midline. 
In a sample of 53 female D. pulverulenta, the ootype was situa­
ted on the left in 25 (^7 per cent) of the specimens, and on the 
right in 28 (54 per cent). It is surrounded by radially arrang­
ed cells of the Mehlls» gland. Within the ootype, a thin shell­
ed egg Is formed. Eggs are carried anterlad through a short 
duct (uterine passage) to the uterus. 
The uterus is a coiled tubular structure situated in the 
most anterior portion of the intercecal field. The uterus was 
filled with numerous undeveloped eggs in all female D, pulver-
ulenta examined. Passing anterlad (out of the intercecal 
field) from the uterus is a metraterm, which proceeds to the 
female genital pore, a cutcularlzed opening on the ventral 
surface near the anterior end. 
In Ejsmont*s (1929) first description of a female D, 
pulverulenta, he described and figured the uterus as a tubular 
structure proceeding anteriorly to the genital pore in a snake-
like fashion rather than as the more tightly coiled uterus noted 
by later workers in subsequent descriptions, Ejsmont based his 
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study on a single specimen and apparently confused uterus ^ Ith 
vitelline duct, and metraterm with uterus. He was not able to 
observe the egg where, in his opinion, it should have been 
formed, but he did see distinct vitelline elements there, i.e. 
in the terminal portion of the uterus. Ejsmont further indi­
cated that the shortness of the terminal portion of the female 
tract supported his idea that only a single egg could be formed 
at once, as is the case with other schistosomes. Ejsmont's 
erroneous concept of the uterus of D. pulverulenta has un­
fortunately resulted in complicating the taxonomy of this genus. 
Pathology 
In one instance, death of a game farm duck was attributed 
to the presence of adult Dendritobilharzia. Bump (19^2) report­
ed that death of this bird (a mallard or black duck) resulted 
when 15 specimens of Dendritobilharzia massed at one point in 
the dorsal aorta, partially blocking circulation to the lower 
part of the body. In the present study, no concentration of 
adults of this magnitude was observed. No pathology of the 
arterial wall was noted, even in instances where the worm was 
wedged into and almost completely blocking the lumen of the 
artery (Figure 8). 
^5 
sc-c-
It is characteristic of the family Schistosoniatidae that 
adult females lay undeveloped eggs in the blood stream of their 
definitive hosts. Eggs remain within the host's tissues during 
miracidial development. Fully developed eggs make their way 
through host tissues and do not hatch until they leave the body. 
Hatching then generally occurs within a few hours. 
Location Within the Host 
Females of most schistosome species (where this information 
is known) deposit their eggs in such a manner that some eggs 
ultimately reach the intestinal wall and undergo development 
there. In view of the unique habitat of worms of the genus 
Dendritobilharzia, the question naturally arises as to where 
these eggs develop and how they leave the body of the host. 
Previous workers have reported the presence of Dendritobilharzia 
eggs in the large intestine of ducks (Bump, 19^1» 19^2; Cheatum, 
194-1) and in the brain, liver, pancreas, mucosa of the gizzard 
and villi of the duodenum of a whooper swan (Levine et , 
1956). 
A systematic search for eggs of Dendritobilharzia was 
undertaken in various tissues of infected hosts. For the first 
three years of this study, this search was confined to members 
of the anatid tribes Anatini (dabbling ducks) and Cairinini 
(perching ducks) because the field work was done in the summer 
and fall and relatively few members of other duck tribes were 
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present or available in the study area at these times. Eggs 
similar in size and morphology to those expelled ^  vitro by 
adult female D. pulverulenta were observed in a variety of 
sites: the intestinal wall, liver, kidney and even the webbing 
of the feet. In no instance was either a large number of eggs 
or a developing egg observed in tissues of members of the anatid 
tribes Anatini (represented principally by the blue-winged teal, 
mallard and shoveler) or of the tribe Cairinini (represented by 
the wood duck). Rather, only occasional undeveloped eggs 
appeared in squash preparations of the various tissues examined. 
Numerous eggs were observed in the kidney of the infected 
whistling swan examined. These too were all undeveloped. 
The investigator spent the spring of I966 in the field and 
had opportunity then to collect and examine members of the ana­
tid tribes Aythyini (inland divers) and Mergini (sea ducks). 
Quantities of D, pulverulenta eggs in varying stages of develop­
ment were first observed in the sutmucosa of the large intestine 
of a lesser scaup, a member of the tribe Aythyini, Viable D. 
pulverulenta eggs were also observed in the suMucosa of the 
large intestine of the bufflehead, common goldeneye, red-breast-
ed merganser and common merganser, all members of the tribe 
Mergini, Every member of these two tribes found to be infected 
with both male and female L, pulverulenta possessed numerous 
eggs of this parasite, in all stages of development, in the sub-
mucosa of the large intestine. Eggs were not observed in other 
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tissues of these ducks. 
Dendritebilharzia pulverulenta eggs occurring in members 
of the tribes Aythyini and Mergini were found only in the sub-
mucosa of the posterior two thirds to three fourths of the large 
intestine of infected hosts. This portion of the large intes­
tine is supplied by the inferior mesenteric artery. The ileum, 
jejunum, colic caeca and the anterior portion of the large 
intestine are supplied by the anterior mesenteric artery. 
Female D. pulverulenta apparently migrate from their preferred 
habitat (femoral arteries and that portion of the dorsal aorta 
posterior to the adrenals) down to the lower dorsal aorta and 
the origin of the inferior mesenteric artery to lay their eggs. 
Blood flow would favor movement of eggs to the intestinal wall. 
Size of the inferior mesenteric artery would seem to preclude 
migration of the female to any site in closer proximity to the 
large intestine. It is interesting to note that 20 per cent of 
the worms recovered from members of the tribes Aythyini and 
Mergini were from the lower dorsal aorta (origin of femorals to 
origin of inferior mesenteric), but only two per cent of the 
worms recovered from members of the tribes Anserini, Cairinini 
and Anatini were from this location. 
Morphology 
When placed in saline, living female D, pulverulenta will 
occasionally release eggs from their uteri. These eggs are 
slightly oval and the average size of ten examples was 64 by 
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51u, Such eggs are undeveloped, each containing a zygote and 
10 to 15 vitelline cells. Vitelline cells of living eggs are 
greenish brown and roughly rectangular. The egg shell is thin, 
lacks pigmentation and is aspinose, Cheatum (19^1) recovered 
eggs in the same manner as noted above and reported similar 
morphology and size. His examples were spherical and measured 
60 to 65U in diameter. 
As many as eight to 10 D. pulverulenta eggs were seen with­
in the sutmucosa of a single large intestinal villus of an in­
fected lesser scaup (Figure 9). In a squash preparation of 
fresh material, undeveloped eggs appeared as described above. 
Well developed eggs are more nearly spherical (10 examples 
averaged 63 by 65u), possess a thicker shell and show little or 
no structural detail of the contained miracidium, in contrast 
to eggs of the related avian schistosome genus Trichobilharzia 
where identification of many miracidial structures is frequently 
possible. In D. pulverulenta, this may result in part from 
folding of the elongate miracidium back upon itself in order to 
fit within the oval egg shell. 
Sectioned material has permitted tracing development of 
the egg from zygote to partially developed miracidium. Diring 
this developnental period, the yolk cells form a second, inner 
layer of the egg shell. Undeveloped eggs in this fixed material 
were smaller (10 examples averaged 4? by 40u) than similar, 
living eggs. Large nuclei of vitelline cells are prominent in 
the undeveloped egg (Figure 15)• As the miracidial embryo 
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enlarges, the yolk cells become peripherally arranged (Figure 
16) and finally their nuclei are flattened against the inner 
shell wall (Figure 17, 18). The remaining vitelline material 
lines the inner surface of the original thin shell, noticeably 
increasing its thickness. 
Hatching 
The only eggs available for hatching were obtained by 
scraping the mucosa from the wall of the large intestine of in­
fected normal duck hosts. After such eggs were placed in arti­
ficial spring water, a slight thickening of the shell was ob­
served, together with some movement of the miracidium within 
the egg. Hatching occurred from 15 minutes to three hours af­
ter eggs had been placed in the water. Hatching resulted from 
rupture of the egg shell; however, due to the nearly spherical 
shape of developed D. pulverulenta eggs, it was not possible to 
determine if rupture of the egg shell occurred regularly in the 
same region. 
Pathology 
Several instances of pathology in anatids raised in capti­
vity have been attributed to eggs of flukes of the genus Den-
dritobilharzia. Bump (1941) and Cheatum (1941) associated 
severe enteritis in the lower intestine of ducks with the pas­
sage of Dendritobi1harzia-like eggs through the intestinal 
mucosa of these birds. Bump (1941) attributed death of two 
mallards and one black duck to Dendritobilharzia infections. 
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In two of these instances, the apparent cause of death was a 
chronic enteritis of the rectal region resulting from large 
numbers of schistosome eggs rupturing into the intestinal lu­
men. No similarly heavy infections with such grave results 
were noted in wild ducks examined in these same studies. 
Cheatum (1941) indicated that as large numbers of D. 
anatlnarum (= D. pulverulenta) eggs work their way through the 
intestinal tissues, they cause hyperemia, petechial hemorrhages 
and may cause necrotic degeneration of the epithelium, submu-
cosa and circular muscle. This necrosis may result from 
bacterial invasion of lesions caused by fluke eggs. 
In the report by Levine ^  (195^) of adult Dendrito-
bilharzia from an artery of the brain and from mesenteric 
blood vessels of a whooper swan, numerous eggs of this parasite 
were reported seen within blood vessels of the cerebrum, liver, 
pancreas, mucosa of the gizzard and villi of the duodenum. 
Little evidence of cellular reaction in the surro-onding blood 
vessels was observed for eggs described as normal; however, 
walls of blood vessels surrounding degenerating eggs showed a 
marked inflammatory response. 
Thus far, all birds examined in this study have been rear­
ed and infected in the wild. Large numbers of D. pulverulenta 
eggs were observed only in members of the duck tribes Aythyini 
and Megini, and in a whistling swan. In the ducks, D. pulver­
ulenta eggs were observed only within the submucosa of the lower 
large intestine. Eggs seen in cross sections of the sutmucosa of 
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the large intestine of a lesser scaup were studied, and no 
evidence of cellular reaction was evident around eggs in vary­
ing stages of development. However, developing eggs of Tricho-» 
bllharzia sp, were also observed in these same sections and a 
definite cellular reaction was evident. 
Undeveloped D. pulverulenta eggs were fairly numerous in 
the right kidney of a whistling swan harboring 23 adult worms 
in the right femoral artery. This bird had been shot, had 
died three days later, was frozen approximately a day after 
death, was then thawed and the kidney material fized for ssc= 
tioning. As a result of this treatment, eggs were considerably 
distorted and the resulting sections were of poor quality. As 
nearly as could be determined, there was no cellular reaction 
around the eggs and none was degenerate. 
All reported instances of pathology associated with adults 
or eggs of Dendritobilharzia have involved the mallard and 
black duck of the tribe Anatini and the whooper swan of the 
tribe Anserini, All of these birds had been raised in captivi­
ty, had access to ponds with long histories of waterfowl useage 
and apparently were heavily infected with this parasite, 
Cheatum (19^1), comparing Dendritobilharzia infections in game 
farm ducks and wild ducks, reported a higher incidence and 
presence of pathology in wild birds. In the present study, 
pathological conditions associated with D, pulverulenta infec­
tions were not observed in any of the birds examined, all of 
which originated from the wild. 
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MIRACIDIUM 
Free swimming miracidia of Sendritobilharzia pulverulenta 
are elongate and cylindrical, and possess a constriction approx­
imately two-thirds the distance from the anterior end (Figure 
23). Living specimens measure approximately I60 by 6Ou. When 
placed in methyl cellulose for study or when fixed, specimens 
contract and the constriction becomes indistinct (Figures I9, 
22), Examples fixed in hot 10 per cent formalin for measure­
ment are highly contracted and essentially pyriform (Figure 22). 
The average size of 10 of these fixed specimens was 104 by 74u. 
Boundaries of the epidermal plates were stained using the 
silver nitrate technique of Lynch (1933). Epidermal plate 
numbers and arrangement (Figure 20) agree with the usual 6, 8 
or 9, 3 arrangement for the four tiers known to occur in 
other schistosome miracidia (see Dutt and Srivastava, I96I). 
In D, pulverulenta, eight or nine epidermal plates were observ­
ed in the second tier, with nine being the most frequent, A 
small notch occurs on the posterior margin of each of the six 
anterior plates. Najim (195^) observed the presence of a small 
plate, called an anterior papilla by Dutt and Srivastava 
(1961), within each notch in the miracidium of Gigantobilharzia 
huronensis. None were observed, however, in miracidia of D. 
pulverulenta. 
A tier of small circular bristle patch plates (whose 
boundaries stain much in the same way as those of the epidermal 
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plates) is situated between the first and second tiers of epi­
dermal plates on the miracidium of D. pulverulenta (Figures 20, 
21). Three bristle patch plates are located behind each of the 
six anterior plates, Their arrangeaient is generally regular, 
although occasionally one of the three plates may be irregular 
in position (Figure 21). In addition to the six groups of 
three (=18), two single plates, one on each side of the mira­
cidium, are located between the groups of three. Thus there 
are 20 bristle patch plates arranged in a definite pattern in 
relation to the anterior tier of epidermal plates. 
Although Najim (1956) noted bristle patch plates between 
the first and second tiers of epidermal plates on the mira­
cidium of G. huronensis, he did not recognize a consistant 
pattern of arrangement and did not record finding a constant 
number. Dutt and Srivastava (I96I) used the number of bristle 
patch plates per tier and the placement of the tiers in sepa­
rating six species of mammalian schistosome miracidia. How­
ever, they did not recognize a constant pattern of arrangement 
of bristle patch plates in relation to the tiers of epidermal 
plates. 
The excretory system consists of four flame cells and 
their associated ducts (Figure 19). One pair is located 
lateral to the penetration glands and the second pair is later­
al to the germinal mass. Collecting ducts from the posterior 
pair are more convoluted than the corresponding members from 
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the anterior pair. A collecting duct from each member of the 
anterior pair of flame cells joins with a collecting duct from 
the corresponding member of the posterior pair. The route of 
the common ducts and the location of the excretory pores could 
not be determined with the limited material available for 
study. Excretory pores were not evident in silver nitrate 
stained preparations, although they have been described for 
other schistosome miracidia by Najim (195^), Dutt and 
Srivastava (I96I) and Lee (1962a). 
The germinal mass occupies the posterior third of the 
miracidial body and consists of 12 to 15 irregularly shaped 
cells arranged as a generally spherical mass. 
The most prominent penetration gland (the so called primi­
tive gut) is large and flask shaped, centrally located and 
empties through openings in the apical papilla. The granular 
contents of this gland stain with both Nile blue sulfate and 
neutral red. The only other penetration glands observed were a 
pair which probably opened through pores associated with the 
apical papilla. The contents of these glands did not stain 
with either of the above mentioned vital stains. However, each 
did contain a single large nucleus that stained faintly with 
Nile blue sulfate, 
Miracidia from eggs obtained by scraping the large intes­
tinal wall lived for the relatively short period of three to 
four hours when maintained in artificial spring water. Mira-
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cldia swim rapidly in a spiral path, exhibiting a positive 
phototaxis and a negative geotaxis. 
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SUBSEQUENT? DEVSL0PM2NTAL STAGES 
Attempts to complete the life cycle of Dsndritobilharzia 
pulverulenta have been incomplete to date. Initially, a lack 
of embryonated eggs prevented experimental studies with mol-
luscan intermediates. Later, when the source of embryonated 
eggs was identified, their seasonal availability hampered this 
work. In addition, Aythyini and Mergini infected with D. 
pulverulenta are usually infected with another avian schisto­
some, Trichobilharzia sp. Subsequent exposures of snails in­
dicated that the miracidia involved in these experiments were 
not solely those of D. pulverulenta. Another factor involved 
the "lab reared" experimental snails. An oligochaete, Chaeto­
gas ter limnaei von Brand, commonly reported as epizooic on 
snails or in their mantle cavities, was found living within 
the kidney of the experimental snails and feeding on their 
kidney epithelium. The combined stress of the C, limnaei in­
fection and a schistosome infection apparently was responsible 
for death of most experimentally exposed snails before cercar-
ial emergence. Efforts to complete the life cycle of D, pul­
verulenta are continuing. 
57 
HOST=?ARASITS ESLATÏONSHIPS 
General Considerations 
Trematodes of the genus Dendritobilharzia have been re­
ported from 31 avian species representing four orders (Table 
1), In spite of this apparent lack of host specificity in 
aquatic bird hosts, one inconsistance exists with regard to 
definitive hosts examined during this study. 
The European coot (Fulica atra) has been reported as a 
host for adult Dendritobilharzia by 10 authors working in 
Europe and Asia (see Table 1), In the present study, Dendrito-
bilharzia were not recovered during examination of 39 American 
coots (Fulica americana), a close relative of the European 
species. Most of the American coots examined were taken from 
an area known to be endemic for D. pulverulenta. Incidence of 
this parasite in the common nesting ducks of this same area 
ranged from 20 to 50 per cent. It seems unusual that a para­
site recorded from 12 different genera of aquatic birds would 
not be present in another species within one of these genera. 
It would also seem unlikely that there are sufficient differ­
ences in habits of coots and ducks to provide enough ecological 
separation to prevent infection of coots. 
Additional factors relating to host-parasite relationships 
and, ultimately, to a more specialized degree of host speci­
ficity than that mentioned above, will be reviewed and discuss­
ed below. These factors suggest a basic difference separating 
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the definitive hosts of D» pulverulenta into two groups; I.e., 
normal hosts belonging to the diving duck tribes Aythyini (in­
land divers) and Mergini (sea ducks); and abnormal hosts which 
include members of the surface feeding anatid tribes Anserini 
(swans and geese), Anatini (dabbling ducks) and Cairinini 
(perching ducks). The latter group, the abnormal hosts, prob­
ably includes all other known hosts for this parasite. The 
natural separation of hosts into these two categories has a 
profound effect on the life cycle of D. pulverulenta. 
The existence of two groups of hosts, i.e., normal and 
abnormal, has been demonstrated for certain mammalian schisto­
somes as a result of the search for suitable laboratory hosts 
for these worms. Moore et al., (19^9) and Stirewalt et al., 
(1951)» working with the human schistosome Schistosoma mansoni, 
reported albino mice, hamsters and cotton rats to be suitable 
hosts for maintaining this parasite in the laboratory, i.e., 
the worms matured, produced viable eggs which were passed in 
the feces of these hosts. Adult worms developed in the albino 
rat, rabbit and cat, but viable eggs were not found in the 
feces of these hosts. Also, the rate of development of the 
parasite was slower than in normal hosts. 
Similar findings were reported by Moore and Meleny (195^) 
for another human schistosome, S. haematobium. Albino mice and 
hamsters produced adult parasites and viable eggs, while only 
a few worms and no viable eggs were recovered from a small per­
centage of the albino rats and guinea pigs exposed. 
59 
Lee (1962b) found that the mouse, hamster, cotton rat, dog 
and raccoon serve as normal hosts for the mammalian schisto­
some Heterobilharzia americana. Raccoons, the most important 
natural host, and dogs demonstrated the least host response to 
this parasite. Other normal hosts had a greater degree of 
pathology associated with the infection. Adult H, americana 
developed in the rabbit, guinea pig and cat, but viable eggs 
were not present in the feces of these hosts. 
In the experiments cited above, a variety of laboratory 
animals were exposed to cercariae of a mammalian schistosome, 
The resulting host-parasite relationship produced responses 
that may be separated into two categories. In animals that may 
be termed normal hosts, adult woims developed, viable eggs were 
produced and these eggs passed out of the definitive host's 
body. In other host species, an abnormal situation appeared. 
Adult worms developed, but viable eggs were not produced or did 
not pass out of the host's body. The natural definitive hosts 
of D, pulverulenta are divided, apparently along established 
taxonomic lines, into normal and abnormal host groups of the 
types described above, 
No immature specimens of D. pulverulenta were recovered in 
this study. Even the three to four millimeter worms recovered 
from four to five-week-old naturally infected ducklings were 
fully developed, the females being gravid. The largest speci­
men (13.30mm) was recovered from a juvenile mallard estimated 
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to be four to five months old, Dendritobilharzia pulverulenta 
is obviously capable of extremely rapid development within the 
definitive host. The lack of immature or small mature worms in 
older definitive hosts, the general uniformity of size of worms 
from individual hosts, and the small number of worms recovered 
per duck host (mean 2,5s range 1-11) would suggest, at least 
for the duck tribes Anatini and Cairinini, that only young 
ducklings are susceptable to infection by D. pulverulenta. 
Of the more than 220 mature D. pulverulenta esamined 
(representing 20 host species), all appeared normally develop­
ed, excepting those two with intestinal anomalies mentioned 
earlier. The greatest morphological variable was body length* 
although the relative proportions of the specimens were very 
similar. Within each of the host groupings (surface feeding 
anatids and diving ducks) mentioned above, the mean length of 
worms recovered from each host species tended to be larger in 
those hosts with larger average body size. However, where a 
large number of specimens was available from hosts of various 
ages within one host species, the variability in size of those 
specimens approaches that of all specimens recovered (Table 8), 
A difference in mean body length exists between D, pulver­
ulenta from surface feeding anatids and those from the diving 
duck group (Table 9). Although there is considerable differ­
ence in the sample size from each group, this difference may 
actually reflect a host induced variation. 
Table 8, Mean length and standard deviation of male and ferais 
D-, pulverulenta from blue-winged teal and from all 
hosts 
Male D. pulverulenta Female D. pulverulenta 
Number Number 
Host measured Size measured Size 
Blue-winged 
teal 30 6,12 + 1,28mm 29 6,96 ± l._$^mm 
All hosts 110 6,55 + 1,53mm 71 6,73 ± 1.37mm 
Table 9. Comparison of mean lengths of D, pulverulenta from 
surface feeding anatids and from the diving ducks 
Male D. pulverulenta Female D. pulverulenta 
Number Number 
Host group measured Size measured Size 
Surface feeding 
anatids 97 6,69 + l,5^knm 56 7.03 ± 1,17™ 
Diving duck 
group 13 5,5^ + 0,91mm 14 5.52 + 1.55mm 
Data on the sites of recovery of D, pulverulenta from with­
in the arterial system of the hosts are shown in Table 4, 
Again, differences exist in data for surface feeding anatids 
and those from the diving duck group. All D. pulverulenta 
recovered from members of the diving duck group were found in 
the femoral arteries and that portion of the dorsal aorta 
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posterior to the adrenal glands. Twenty per cent of the worms 
were found in the narrow portion of the dorsal aorta posterior 
to the origins of the femoral arteries, from which the inferior 
mesenteric artery arises. In the surface feeding anatids, 14 
per cent of the D. pulverulenta recovered were from arteries 
anterior to the adrenal glands; many of these specimens were 
anterior to the heart, (kily two per cent of the worms recover­
ed from this host group were in the narrow terminal portion of 
the dorsal aorta leading to the origin of the inferior mesen­
teric artery. 
Location of D, pulverulenta within the arteries of the 
host is correlated with location of the parasite eggs within 
host tissues. In the diving duck hosts, where adult worms were 
found only in the lower dorsal aorta and femoral arteries, D, 
pulverulenta eggs were found only in the sutmucosa of the lower 
three-fourths of the large intestine. The inferior mesenteric 
artery supplies only this small portion of the intestine and is 
the only source of arterial blood for this intestinal region. 
Although large numbers of parasite eggs were found in this 
location, in normal hosts, no resulting pathology was observed. 
In the surface feeding anatids however, distribution of D. 
pulverulenta within the arterial system is more general and the 
eggs of this parasite are found scattered throughout host 
tissues. No concentration of eggs was found and, more impor­
tantly, none of these eggs had undergone any development. 
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Although no instances of pathology resulting from these eggs 
have been observed in wild anatids, in this study or others, 
several cases (cited earlier) have been recorded for game farm 
reared mallard and black ducks, and a whooper swan. All three 
of these species are members of the surface feeding anatid 
group. Pathology was associated with degenerating eggs located 
in a variety of tissues. 
The above findings indicate that ducks of the anatid 
tribes Aythini (inland divers) and Mergini (sea ducks) appar-» 
ently serve as normal hosts for D. pulverulenta and are re­
sponsible for maintaining this parasite as a species. Normally 
developing D, pulverulenta eggs were found in the sutmucosa of 
the large intestine of all hosts from these two tribes harbor­
ing bisexual infections of this parasite (lesser scaup, buffle-
head, common goldeneye, red-breasted merganser, and common mer­
ganser). Worms are localized in the lower dorsal aorta and 
femoral arteries, the female worms apparently migrating to the 
origin of the inferior mesenteric artery and ovipositing in 
this location only. Parasite eggs are carried by the blood to 
the sutmucosa of the lower three-fourths of the large intestine. 
Here the eggs develop, move through the mucosa into the intes­
tinal lumen, pass out with the feces and penetrate a suitable 
snail intermediate host. 
On the basis of personal observations made on the whistling 
swan, wood duck, mallard, blue-winged teal, and common shoveler. 
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and on the basis of reports by other investigators on the 
whooper swan and black duck, it appears that members of the 
anatid tribes Anserini (swans and geese), Cairinini (perching 
ducks) and Anatini (dabbling ducks) are abnormal hosts for D. 
pulverulenta. In these hosts, the female parasites appear to 
develop normally, but apparently lay relatively few eggs in a 
variety of sites in the host's body. Such eggs, however, 
never embryonate. Those factors initiating the migration of 
adults to the proper oviposition site and those associated with 
release of quantities of eggs and with their subsequent embry= 
onation apparently are lacking in these hosts. 
The role of other known hosts for this parasite is as yet 
unclear. The ruddy duck (tribe Qzyurini, the stifftails) is 
most closely related to the diving duck group and may serve 
as a normal host. In view of the sharp division which occurs 
within the family Anatidae of the order Anseriformes, it seems 
unlikely that known hosts from other avian orders, i.e., the 
eared grebe, European coot and white pelican (European), would 
serve as normal hosts for D. pulverulenta. 
Effect on the Life Cycle in Northwestern Iowa 
The blue-winged teal, mallard (tribe Anatini) and wood duck 
(tribe Cairinini) are the principle nesting species of anatids 
in northwestern Iowa. The tribes Aythyini and Ozyurini are 
represented by small numbers of nesting redheads and ruddy 
ducks, respectively. The tribe Mergini usually is not 
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represented. Numbers and distribution of resident normal hosts 
are insufficient to explain the high incidence (20 to 50 per 
cent) of D. pulverulenta in resident abnormal hosts. 
During the spring waterfowl migrations of I966 and I967, 
the investigator was able to observe habitat use patterns of 
normal hosts as they passed through northwestern Iowa. Members 
of the tribe Aythyini, especially the lesser scaup, were observ­
ed using virtually every permanent pothole and marsh in the 
area. These are the same bodies of water used later in the 
season for brood rearing by resident anatid species. Apparent­
ly, it is during the spring migration that the normal hosts, 
principally the lesser scaup in this case, distribute embryon-
ated eggs along their migration routes, establishing D, pul­
verulenta infections wherever suitable molluscan hosts are 
present. Thus the stage is set for subsequent infection of 
newly hatched ducklings one or two months later. 
The correlation of cercarlal emergence and hatching of 
ducklings is probably largely temperature dependent. In normal 
years, snails would be exposed over a period of several weeks. 
Apparently developmental time in the molluscan host at the 
temperatures present in the marshes in the spring approximates 
the time span between migration of normal hosts and hatching of 
duckling hosts. If development proceeded at the same rate in 
all Infected molluscs, the period of initiation of cercarlal 
emergence would approximate the period of exposure of snail 
hosts. However, microhabltat temperature variations (e,g,. 
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surface versus depth of one or two feet} could alter develop­
mental times and lengthen the period of initiation of cercarl-
al emergence. Duration of cercarial emergence from mollusks 
extends the period of cercarial availability. Colder or warmer 
than normal temperatures that might defer or advance waterfowl 
nesting, would also affect water temperatures and the sub­
sequent rate of development of cercariae in molluscan hosts. 
The fate of embryonated eggs deposited in these marshes in 
the fall is unknown. Perhaps sporocysts overwinter within the 
nollscan host, their development being completed as water 
temperatures rise in the spring. However, it should be noted 
that the number of normal hosts frequenting the smaller marshes 
is much lower in the fall than in the spring. Thus, the yearly 
supply of embryonated D, pulverulenta eggs needed to maintain 
wide distribution of this parasite in northwestern Iowa, must 
be deposited in the spring by migrant normal hosts, Dendrito-
bilharzia pulverulenta is a common parasite in resident nesting 
species of the area, but these hosts do not contribute in any 
way to the maintainence of D, pulverulenta as a species. 
Elucidation of the mechanisms involved in transfer of this in­
fection from migrating normal to resident abnormal hosts, and 
elucidation of the many other puzzling facets of this parasite 
will be dependent upon successful completion of the life his­
tory. 
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TAXONOMY 
All specimens of Itendritobilharzia examined in this study 
conform to the descriptions of the type species, D. pulverulen-
ta (Braun, I9OI) Skrjabin, 1924. In addition to the type 
species, three others have been described: D. loossi Skrjabin, 
1924; D. anatinarum Cheatum, 19^1; and D. asiatica Mehra, 1940, 
A comparison of published measurements for previously described 
species and of the measurements recorded in this study are pre­
sented in Tables 10 and 11. Reasons for the original establish­
ment of the latter three species and a discussion of their 
validity are presented below, 
Skrjabin (1924) described D. loossi on the basis of a 
single female specimen recovered from the blood vessels of a 
white pelican (European). On the basis of his drawing and the 
brief description presented, this specimen appears morphologi­
cally identical to D. pulverulenta. However, Skrjabin regarded 
it as unlikely that his species could be identical with D. 
pulverulenta because of the differences in host and the marked 
difference in size of the parasites. Skrjabin's specimen was 
14,2 mm, whereas all previously reported specimens had been 
recorded as less than 10 mm long and were obtained from anatid 
hosts. Since that time, D, pulverulenta has been recorded from 
the European coot and the eared grebe, as well as from many 
additional anatids. In this study, three specimens of D, 
pulverulenta were found or examined that exceeded 10 mm in 
Table 10. Measurements (In mm) of male specimens of I), pulverulenta according to 
various authors "" 
Source 
Measurement 
Ejsmont 
1929 
Odhner Braun 
1911 1902 
Macko 
1959 
ISFesent 
(range) 
sEûcîâ 
Body length 8.5 7-9 8 9.5 6.Z 2.95 - 13.30 
Body width 0.76 1.5 0.6-0.75 0.40 - 1.79 
Length of esophagus 0.55 0.65 0.43 0.37 - 0.91 
Length of double gut 1.34 1.60 1.08 0.24 - 1.47 
Length of seminal vesicle 0.26 0.11 — 0.52 
Anterior end to cirrus 1.34 2.03 1.20 1 
r-
i 0
 1.79 
Number of testes 110 130 120-130 100 - 170 
Table 11, Measurements (in mm) of female Dendritobllharzla according to various authors 
Source 
"IX, loossi p. asiaEIca 
Skrjabin Mehra EJsmont Che a turn Maoko Present study-
Measurement 1924 1941 1929 1941 1959 (range) 
Body length 14.2 6 6.3 8.0 9.73 3.35 - 10.37 
Body width 1.41 1.3 0.62 0.89-1.01 
00 r-
i 
0.40 - 1.65 
Length of esophagus 0.45 0.52 0.62 0.62 0,34 - 0.97 
Length of double gut 3.47 1.20 1.25 0.63 - 2.29 
Anterior end to uterine 
pore 0.24 0.35 0.38 0.15 - 0.48 
Seminal receptacle length 0.24 0.27 0.23 0.08 - 0..3I 
Seminal receptacle width 0.09 0.08 0.13 0.03 - 0.13 
Ovary length 0.53 0.15 - 0.61 
Ovary width 0.53 0.15 - 0.64 
Egg length 0.030 0.065 0.049 0. 064 
Egg width 0.016 0.060 0.034 0. 051 
length. A 10,95 long specimen from a black duck was obtain­
ed on loan from Dr. S. L. Gheatum, Two others, a 10,37 mm 
female from a blue-winged teal and a 13.30 mm specimen from a 
mallard, were recovered by the investigator. In view of these 
records and the general relationship between worm size and 
host body size, a 14,2 mm specimen from a pelican can scarcely 
be considered a distinct size class. Furthermore, the pelican 
is probably an abnormal host for Dendritobi1harzia. In view of 
these factors and the great size range of mature D. pulverulen­
ta in anatid hosts, D. loossi should be considered a synonym of 
D. pulverulenta. 
Cheatum (19^1) separated D. anatinarum from D. pulverul en­
ta on the basis of two characters; 1) the uterus in D, 
anatinarum was described as long and containing many eggs, and 
2) the two female D, anatinarum reported on by Cheatum were 
longer than the three males. The only description of a female 
Dendritobilharzia available to Cheatum was that of Ejsmont 
(1929) in which Ejsmont erroneously indicated only one egg to 
be formed at a time within the uterus. The conclusion that 
females were longer than males in D, anatinarum and that the 
opposite was true in D, pulverulenta was based on study of very 
few specimens and hence is subject to question. Although mean 
length of all female D, pulverulenta measured in this study is 
slightly longer than mean length for all males, the ranges of 
lengths for these worms are approximately the same (Tables 6 
and 7), thus making relative lengths of males and females a 
poor criterion for delineation of species, Macko (1959) has 
already synonomized D. anatinarum with D. pulverulenta on the 
basis of similar morphology. I have examined Dr. Cheatum's 
type specimens as well as five additional specimens collected 
by him. Morphologically they do not differ from the specimens 
collected during this study or from previous European descrip­
tions. Macko (1959)s In my opinion, was entirely correct in 
synonomizing these two species. 
Mehra (1940) described D. asiaticus on the basis of a 
single female specimen from a ccinmcn teal, Yamaguti (1958) 
changed the spelling to asiatica so as to bring into agreement 
the tense of the specific name with that of the generic name. 
This species of Dendritobilharzia was reported to have a ter­
minal female uterine pore and a small, thick shelled, spinose 
egg, Mehra does not indicate whether these eggs were observed 
within the body of the female or whether they were in the tis­
sues of the host. Unless these eggs were actually within the 
body of the female worm, they cannot safely be associated with 
the adult, in view of the frequency of double schistosome in­
fections in anatid hosts. This specimen, as figured by Mehra, 
is highly contracted, perhaps having given the appearance of 
having a terminal uterine pore. It should also be noted that 
D. pulverulenta has been reported from the same host, the 
common teal, in Asia, Europe and North America. Conversely, D, 
asiatica has not been reported by other workers, from this host 
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or others, until Mehra's specimen can be reezaminedj or addi­
tional similar material recovered, D« asiatica should be con­
sidered a species inqulrenda, 
Dubey (I965) recovered a single male Dendritobi1harzia 
from the washings of the lungs of a mallard. Although the 
specimen admittedly was of poor quality, he assigned it to D, 
asiatica because this was the only species in this genus pre­
viously reported from India, Dubey gave no indication how his 
specimen differs from a male D. pulverulent a. His specific 
designation should be questioned. 
The findings of this study and their relationship to the 
taxonomy of this group suggest a need for revision of sub-
familial, generic and specific diagnoses. The revisions noted 
below correct previous errors and incorporate recent findings, 
A new schistosomatid subfamily, Dendritobilharzinae, was 
erected by Mehra in 19^0 for the single genus Dendritobilharzia 
Skrjabin and Zakharow, 1920, In his diagnosis, he used the 
peculiar characters of the female reproductive tract of D, 
asiatica and largely ignored the characters of D. pulverulenta. 
In 1958» Yamaguti formally emended the subfamilial name, appar­
ently to correct the spelling of the ending from -zinae to 
ziinae. In doing so, Yamaguti also improperly altered the 
first portion of the name from Dendrite- to Dendro-, which is 
at variance with Skrjabin and Zakharow*s original spelling of 
the generic name. This change in spelling was also used by 
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Ysmagzti in the generic name. 
Revised diagnoses for subfamily, genus and species are 
presented below* Modifications not appearing in previously-
published descriptions are indicated by underlining. 
Dendritobilharziinae Mehra, 1940 
Syn. Dendritobilharzinae Mehra, 19^0 
Dendrobilharziinae (Mehra, 1940) Yamaguti, 1958 
Subfamily diagnosis. -Schistosomatidae; Body of both 
sezes elongate and flattened, similar in form. Suckers agsent. 
Paired caeca short, common caecum long, zigzag, and provided 
with lateral dendritic branches. Uterus intercecal, containing 
numerous eggs, 
Dendritobilharzia Skrjabin and Zakharow, 1920 
Syn, Dendrobilharzia (Skrjabin and Zakharow, 1920) 
Yamaguti, 1958 
Generic diagnosis. -Schistosomatidae, Dendritobilharziinae: 
With characters of subfamily. Oral opening subterminal. Testes 
or vitellaria occupy area along common caecum. Female genital 
pore anterior to intestinal bifurcation. Uterus, ootype, ovary 
and seminal receptacle intercecal. Vitelline follicles numer­
ous. Ovary and uterus spiral or coiled, similar in size. Ter­
minal portion of uterus extends from intercecal region anteriad 
to genital pore. Testes numerous (usually ranging from 100 to 
170), seminal vesicle intercecal, gynaecophoric canal poorly 
developed or lacking, male genital pore in region of paired 
Intestine. Primarily parasites of arterial system, principally 
the dorsal aorta and large arteries of the legs. Hosts ; 
7^ 
primarily Anseriformes; known also from Podicipediformes, 
Pelicaniformes and Gruliformes. 
Species : 
D. pulverulenta (Braun, 1901) Skrjabin, 1924 
Syn. Bilharzlella pulverulenta Braim, 1901 
D. odhneri Skrjabin and Zakharow, 1920 
S. fedtschencowl Skrjabin 1923 (192?) nomen nudum 
D. loossj Skrjabin, 1924 
D. anatlnarum Cheatum, 1941 
Sendrobilharzia pulverulenta (Braun, 1901) Yamaguti, 
-T53B 
Dendrobilharzia odhneri (Skrjabin and Zakharow, 1920) 
Yamaguti, 1958 
Dendrobilharzia loossi (Skrjabin, 1924) Yamaguti, 
195^ 
Dendrobilharzia anatinarum (Cheatum, 1941) Yamaguti, 
I9j8 
Specific diagnosis. With characters of the genus, Female 
genital pore opening midventral, anterior to intestinal bifur­
cation, Laurer's canal present, opening dorsally. Uterus 
filled with numerous undeveloped, round to oval, thin shelled 
aspinose eggs, Male genital opening ventrolateral, in the 
region of the paired intestine. Cirrus protrusile; cirrus 
pouch absent, prostate cells present, Male with rudimentary 
female genital pore. 
Species inquirenda: 
D, asiatica Mehra, 1940 
Syn. D, asiaticus Mehra, 1940 
Dendrobilharzia asiatica (Mehra, 1940) Yamaguti, 1958 
Ckily female known. Reported to have terminal genital 
pore; eggs thick shelled, oval, and spinose. 
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SUMMARY AND CONCLUSIONS 
The morphology, distribution and host-parasite relation­
ships of Dendritobilharzia pulverulenta (Braun, I90I) 
Skrjabin, 1924, an avian schistosome parasitizing the 
arterial system of several orders of aquatic birds, has 
been investigated. 
Natural definitive hosts of D. palveraienta may be divided 
into two categories, normal and abnormal. Members of the 
anatid tribes Aythyini (inland divers) and Msrgini (sea 
ducks) serve as normal hosts, i.e., hosts in which female 
worms lay eggs which embryonate and are capable of main­
taining this parasite as a species. Members of the tribes 
Anserini (swans and geese), Anatini (dabbling ducks) and 
Cairinini (perching ducks) serve as abnormal hosts, i.e,, 
those in which apparently normal parasites lay eggs which 
do not embryonate and thus contribute nothing to the main­
tenance of the parasite as a species. The role of other 
avian hosts is as yet unknown, 
A world host list, representing four continents (Europe, 
Asia, Africa and North America), indicates this genus to 
occur in one podicipediform, one pelecaniform, one grui-
form and in 29 anseriform hosts. Included are eight pre­
viously unpublished host records. 
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4. Three hurxdred ninety six hosts (almost all taken in Iowa), 
representing 37 species from six avian orders have been 
examined for Dsndritobilharzia. Adults have been recovered 
from 12 anatid host species. Incidence of infection ranged 
from seven to 62 per cent in those host species in which at 
least 10 individuals were examined. Prom one to 23 D. 
pulverulenta were recovered from infected hosts, the average 
being 2.5. 
5. Young worms develop very rapidly, as evidenced by the pres­
ence of mature specimens in naturally infected four to five-
week-old ducklings, 
6. Mult D, pulverulenta apparently are limited exclusively to 
the arterial system of their hosts, and thus may be re­
covered in association with a variety of organs. 
7. In normal hosts, adults were limited to that portion of the 
dorsal aorta and its major branches posterior to the adre­
nal glands. In abnormal hosts, adult worms were less con­
centrated in these areas. 
8. Adult D. pulverulenta apparently are able to maintain their 
position within arteries and, despite host blood pressure, 
may move within these vessels. 
9. In normal hosts (Aythyini and Mergini), D. pulverulenta eggs 
were found only in the posterior three-fourths of the large 
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intestine. Females apparently migrate to and lay quanti­
ties of eggs at the origin of the inferior mesenteric 
artery. These eggs embryonate and develop within the sub­
mucosal and are expelled with the feces. 
10, In abnormal hosts (anserini, Anatini and Cairinini), D. 
pulverulenta eggs are laid in small numbers in a variety 
of sites within the hosts arterial system. These eggs, 
however, never embryonate. 
11, An account of the morphology of this species, based on 
study of 131 male and 81 female specimens is presented. 
Means and standard deviations for measurements of these 
specimens are presented. The greatest morphological 
variable is size, although relative proportions of all 
specimens are very similar, 
12, Mature specimens from mallards (an abnormal type of host), 
ranged from 3»95 to 13.30 mm in length. Size variability 
of specimens from blue-winged teal, from which numerous 
specimens were recovered, approached that of specimens 
from all host species examined, 
13, The sex ratio for all specimens of D, pulverulenta re­
covered was 72 females per 100 males. Frequency of males 
was equal to or greater than that of females in all host 
species examined. 
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14. Previously undescribsd morphological features observed 
include the presence of a Laurer's canal in the female, 
and of prostate cells in the male. All male D, pulver-
ulenta possess a rudimentary female genital pore. This 
is the first species of avian schistosome in which secon­
dary hermaphroditism has been recorded and the first 
schistosome in which this phenomenon occurs regularly. 
15. The egg of D. pulverulenta is round to slightly oval, 
aspinose, thin shelled when laid, and contains a zygote 
and 12 to I5 vitelline cells. As the miracidial embryo 
develops, vitelline cells become flattened against the 
inner surface of the shell, producing a thick inner layer. 
16. Pathology associated with eggs of D. pulverulenta has been 
observed only in heavily infected abnormal hosts from a 
game farm situation. Pathology has not been observed in 
wild hosts, even in normal hosts with large numbers of 
eggs present in the submucosa of the large intestine. 
17. The niracidium possesses four flame cells and exhibits 
positive phototazis and negative geotaxis. The epidermal 
plate pattern is 6, 8 or 9» 4, 3« In addition, 20 small 
bristle patch plates, arranged in a definite pattern, 
occur between the first and second tiers of epidermal 
plates. 
18. In the marshes of northwestern Iowa, where few normal 
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hosts nest, the high incidence of Infection in nesting 
abnormal hosts is maintained by migrating normal hosts, 
especially the lesser scaup® These birds use all permanent 
belies of water in the area in the spring and deposit D, 
pulverulenta eggs that in turn infect susceptible snail 
hosts. Later, cercariae are available to infect recently 
hatched ducklings of abnormal hosts, 
19. All specimens of Dendritobilharzia examined in this study 
conform to the descriptions of D. pulverulenta (Braun, 
1901), Skrjabin, 1924. In view of the morphological 
variation inherent in this species, and its host-parasite 
relationships, D. pulverulenta is considered to be the 
only valid species in the genus, Dendritobilharzia 
asiatica Mehra, 1940 is considered a species inquirenda. 
20. The subfamily Dendritobilharziinae and the genus Dendrito­
bilharzia are characterized and the diagnosis of D. 
pulverulenta is modified to include the new findings of 
this study. 
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COiC'ION AXS SCIENTIFIC NAMES OF AVIAN SPECIES 
MENTIONED m TEXT 
Order Podicipediformes 
Family Podicipedidae 
Homed grebe (Golymbus auritus ) 
Eared grebe (Colymbus nigricollis californicus) 
Pied-billed grebe (Podilymbus r^ciiceps podiceps ) 
Order Pelecaniformes 
Family Pelecanidae 
White pelican (European)(Pelecanus onocrotalus) 
White pelican (American)(Pelecanus erythrorhynchos) 
Order Ciconiiformes 
Family Ardeidae 
Great blue heron (Ardea herodias) 
Green heron (Butroides virescens virescens) 
Black-crowned night heron (Nycticorax nycticorax hoactli) 
American bittern (Botaurus lentiglnosus) 
Order Anseriformes 
Family Anatidae 
Tribe Anserini 
Mute swan (Cygnus olor) 
Whooper swan (Cygnus cygnus cy^ius) 
Trumpeter swan jCygnus cygnus buccinator) 
Whistling swan (Cygnus columbianus columblanus) 
Snow goose (Anser caerulescens) 
Canada goose (Branta canadensis) 
88 
Tribe Cairinini 
Wood duck (Aix sponsa) 
Mandarin duck (Ais galericulata) 
Tribe Anatini - dabbling ducks 
American wigeon (Anas americana) 
Common gadwall (Anas strepera strepera) 
Common teal (Anas crecca) 
Common mallard (Anas platyrhynchos platyrhynchos) 
American black duck (Anas rubripes) 
Common pintail (Anas acuta acuta) 
Garganey (Anas querquedula) 
Blue-winged teal (Anas discors) 
Cinnamon teal (Anas cyanoptera) 
Common shoveler (Anas clypeata) 
Tribe Aythyini - inland divers 
Canvasback (Aythya valisneria) 
European pochard (Aythya ferina) 
Redhead (Aythya americana) 
Ring-necked duck (Aythya collaris) 
Tufted duck (Aythya fullgula) 
Greater scaup (Aythya marila) 
Lesser scaup (Aythya affinis) 
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Tribe Mergini ~ sea ducks 
Surf scoter (Melanitta persplcillata) 
White-winged scoter (Melanitta fusca) 
Bufflehead (Bucephala albeola) 
Common goldeneye (Bucephala clangula) 
Hooded merganser (Mergus cucullatus) 
Red-breasted merganser (Mergus serrator) 
Common merganser (Mergus merganser) 
Tribe Oxyurini - stifftails 
Ruddy duck (Oxyura lamaicensis) 
Order Gruiformes 
Family Ballidae 
European coot (Fulica atra) 
American coot (Fulica americana) 
Order Charadrl1forme s 
Family Scolopacidae 
Spotted sandpiper (Actitis macularia) 
Pectoral sandpiper (Erolia melanotos) 
Family Laridae 
Herring gull (Larus argentatus) 
Hing-billed gull (Larus delewarensls) 
Franklin's gull (Larus pipixcan) 
Forster's tern (Sterna forsterl) 
Black tern (Chlidonias nigra sumiamensis ) 
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PLATES 
Abbreviations used s 
A Adrenal gland SI 
BA Brachial artery SH 
BrA Brachiocephalic artery SV 
G Cirrus T 
Cl Cloaca U 
CA Carotid artery V 
CoA Coeliac artery VD 
CC Colic caecum ViD 
DA Dorsal aorta 
ED Ejaculatory duct 
EG Esophageal glands 
FA Femoral artery 
FGP Female genital pore 
lA Inferior mesenteric artery 
K Kidney 
LI Large intestine 
M Metraterm 
MA Mesenteric artery 
MG Mehlis' gland 
0 Ovary 
PA Pectoral artery 
Small intestine 
Seminal receptacle 
Seminal vesicle 
Testis 
Uterus 
Vitellaria 
Vas deferens 
Vitelline duct 
Plate I 
Figures 1-5 Variations in shape of adult Dendritobilharzia 
pulverulenta 
Figure 1. Fixed specimen 
Figures 2-5. Variations in shape of living specimens 
Figure 6, Male D. pulverulenta with anomalous second set of 
paired intestinal caeca 
Figure 7. Female D. pulverulenta with intestine divided for 
most of the body length 

Plate II 
Figure 8. Cross section of the lower dorsal aorta of a blue-
winged teal containing a male D, pulverulenta (95X) 
Figure 9. Whole mount of an intestinal villus of a lesser 
scaup containing D. pulverulenta eggs (ll^X). 

Plate III 
Figure 10. Major arteries of a typical anatid, ventral view. 
a. Dorsal aorta and associated vessels 
"b. Distribution of inferior mesenteric artery in 
cloacal region 
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Plate IV 
Figure 11. û. pulverulenta, ventral view of mature male 
Figure 12. D. pulverulenta, dorsal view of gravid female 
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Plate V 
Figure 13. D. pulverulenta, ventral view of anterior end of 
mature male 
Figure 14. D. pulverulenta, dorsal view of anterior end of 
gravid female 
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Plate VI 
Figures I5-I8. Early development of miracidium of D. 
pulverulenta in sutaiucosa of large 
intestine of lesser scaup. All drawings 
made from sectioned icaterial and to scale 
shown in Figure I5 
Figure 15. Undeveloped egg 
Figure I6. Early cleavage. Note vitelline cells at 
periphery 
Figure I7, Later development showing flattened 
vitelline cells 
Figure 18, Late embryo showing increased number of 
nuclei and greatly flattened peripheral 
nuclei of vitelline cells 
19. D. pulverulenta, miracidium 
20. Miracidium, showing arrangement of epidermal 
plates and bristle patch plates 
21. En face view of miracidium showing arrangement 
of bristle patch plates in relation to the 
anterior tier of epidermal plates 
22. Shape of miracidium fixed in hot 10 per cent 
formalin 
23. Typical shape of living miracidium 
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Figure 
Figure 
Figure 
Figure 
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